ABSTRACT purpose. To evaluate the pain level and patient satisfaction as well as the fusion and infection eradication rates after knee arthrodesis using a monolateral external fixator for failed septic total knee replacement (TKR). Methods. Records of 10 male and 11 female consecutive patients aged 70 to 88 (mean, 81) years who underwent knee arthrodesis using a monolateral external fixator for failed septic TKR were retrospectively reviewed. Each patient had undergone a mean of 3.4 (range, 1-15) procedures. The infection eradication rate, fusion rate, time to achieve fusion, pain level, patient satisfaction, and health-related quality of life were evaluated. results. Infection was eradicated in 18 (86%) of the 21 patients, whereas fusion was achieved in 17 (81%) of the 21 patients after a mean of 10.3 (range, 4-16) months. Those who did and did not achieve fusion differed significantly in terms of the mean pain score (2.3 vs. 6.4, p=0.031). Compared with age-matched Outcome after knee arthrodesis for failed septic total knee replacement using a monolateral external fixator 
toxic antibiotics, massive bone or soft-tissue loss, irreparable damage to the extensor mechanism, and refusal to undergo revision arthroplasty. [1] [2] [3] The failed septic TKR presents the greatest challenge to achieve bone fusion. Massive bone loss after failed TKR reduces the chance of successful bone fusion. 4 Moreover, infection must be eradicated, because uncontrolled periprosthetic joint infection precludes bone union and may affect the choice of arthrodesis technique. 5 The 2 most common techniques for knee arthrodesis are external fixation and intramedullary nailing. External fixation is more cumbersome and requires prolonged application, which negatively impacts the mental and emotional state of patients. There are limited studies about outcome and levels of patient satisfaction after knee arthrodesis. [6] [7] [8] [9] This study aimed to evaluate the pain level and patient satisfaction as well as the fusion and infection eradication rates after knee arthrodesis using a monolateral external fixator for failed septic TKR.
Materials and Methods
Records of 10 male and 11 female consecutive patients aged 70 to 88 (mean, 81) years who underwent singlestage knee arthrodesis using a monolateral external fixator 10 for failed septic TKR between December 2004 and December 2009 were retrospectively reviewed. Each patient had undergone a mean of 3.4 (range, 1-15) procedures.
Periprosthetic joint infection was confirmed when at least 2 periprosthetic tissue samples obtained during surgery grew the same microorganism. A prolonged (12-14 days) culture protocol was used, with re-incubation in enriched media.
11
The Orthofix Limb Reconstruction System (LRS; Orthofix, Verona, Italy) enables active compression of the arthrodesis site and was used in an anteriorly monolateral fashion (Fig. 1) . The anterior placement causes only minor damage to soft tissues; patient discomfort is relatively low and the fixator is usually well tolerated. Several 6-mm-diameter hydroxyapatite-coated pins (XCaliber bone screws, Orthofix, Verona, Italy) were used to promote bone ingrowths. The hydroxyapatite coating decreases the risk of pin tract infection and loosening. 12 The procedure was carried out in a single stage. Bone grafting was not used.
Bone fusion was determined based on radiographs, computed tomography, and absence of knee mobility (Fig. 2) . Absence of progressive changes on radiographs led to the diagnosis of non-union (Fig.   3 ). Knee pain was assessed using a visual analogue scale, with 0 representing no pain and 10 the maximum degree of pain imaginable. 6 Health-related quality of life was assessed using the SF-12 health survey; the physical and mental summary components of each patient were compared with reference values for the Spanish general population. 13 Patient satisfaction was evaluated using a self-administered 4-point satisfaction scale; responses included very satisfied, somewhat satisfied, somewhat dissatisfied, and very dissatisfied.
14 Infection recurrence was defined as positive clinical, culture, or serological evidence of sepsis. 15 Quantitative and qualitative variables were compared using the one-sample t-test and Chisquared test, respectively. Asymmetrical samples were compared using the non-parametric MannWhitney U test. A p value of <0.05 was considered statistically significant.
results
The mean follow-up period was 4.2 (range, 1-6.9) years. The most common bacterium isolated was Coagulase-negative Staphylococcus (n=14). The most common indication for knee arthrodesis was failed staged replacement (n=11) [ Table 1 ].
Infection was eradicated in 18 (86%) of the 21 patients; 3 had a recurrence. Fusion was achieved in 17 (81%) of the 21 patients after a mean of 10.3 (range, 4-16) months; 4 had fibrous ankylosis, one of which was septic. The mean leg-length inequality was 4.7 (range, 3.8-5.5) cm.
Those who did and did not achieve fusion differed significantly in terms of the pain score (2.3±3.2 vs. 6.4±2.7, p=0.031, Mann-Whitney U test), but their ages (80±4 vs. 81±5 years, p=0.988, Mann-Whitney U test) and follow-up periods (4.3±2.6 vs. 3.7±2.7 years, p=0.835, Mann-Whitney U test) did not differ significantly.
Compared with age-matched Spanish general population, patients aged >75 years (n=18) fared Table 2 ). Among those who achieved fusion, 82% were very or somewhat satisfied; none was very dissatisfied. Among those who did not achieve fusion, 75% were very or somewhat dissatisfied (Table 3) .
discussion
As an alternative to amputation or resection arthroplasty, knee arthrodesis provides a theoretical possibility of an independent lifestyle, with a sensate, stable extremity. [1] [2] [3] The optimal technique for knee arthrodesis in the presence of infection remains controversial. Compared with intramedullary nailing, the main disadvantage of external fixation is the lower fusion rate, but this remains inconclusive because of insufficient comparative, controlled studies. Reported fusion rates after different external fixation techniques for failed TKR range from 38% to 100%. 6, [16] [17] [18] [19] Although an anteriorly placed monolateral external fixator provides sufficient compression and bending stiffness (anteroposterior stability) to achieve fusion, it may fail to provide adequate medial-lateral stability. [1] [2] [3] [16] [17] [18] [19] [20] In our series, the monolateral external fixator achieved a fusion rate of 81% (which was quite high in such difficult cases) and an infection eradication rate of 86% (only one non-union was due to infection recurrence). External fixation has been effective in infection control. [1] [2] [3] 6, 18, 19 A main goal of knee arthrodesis is to provide pain relief. In a study of 20 knee arthrodesis for infected TKR, the mean score for the section A of the WOMAC scale was 4.95 out of 20 (little or no pain in daily activities). 20 Comparing patients treated with primary total knee arthroplasty, those treated with knee arthrodesis fared better on the mean pain score of the Arthritis Impact Measurement Scale (3.9 vs. 3.3). 7 Nonetheless, 15% of patients had pain despite successful knee arthrodesis for infected TKR using various techniques, 21 whereas 28 to 36% of patients had pain despite successful knee arthrodesis using intramedullary nailing. [22] [23] [24] In our patients who achieved fusion, the pain level was low (mean, 2.3), but some patients did still experience moderate pain. In 2 patients who achieved fusion despite infection recurrence, their pain control was excellent. Nonetheless, patients should be informed of the possibility of continued mild knee pain following a successful knee arthrodesis.
There are few studies of knee arthrodesis reporting reliable and valid functional outcome and satisfaction measures. [6] [7] [8] [9] 23, 25 Patients treated with knee arthrodesis did significantly worse than comparable age-group norms in terms of physical functioning, physical role, bodily pain, vitality, and social functioning (based on the SF-36 score). 23 In a study comparing knee arthrodesis with primary TKR, the SF-36 scores of the 2 groups did not differ significantly in terms of pain, general health, vitality, social function, emotional role, and mental health. 7 However, the TKR group scored higher in terms of physical functioning and the Arthritis Impact Measurement Scale score, because of increased mobility and physical activity. 7 The SF-12 health survey is shorter and easier to complete than the SF-36 health survey, and has been widely used in orthopaedic studies. [25] [26] [27] [28] [29] In our series, patients aged >75 years also fared significantly worse in terms of the physical summary component score.
In addition to the lengthy fusion time, the total time the external fixator must remain in place could be even longer because of scheduling a procedure to remove the device. Nonetheless, patients who achieved successful arthrodesis experienced a high degree of satisfaction with the procedure. Limitations of this study were heterogeneity of the patients and the small sample size. The low frequency of arthrodesis (about 3.5 cases per year) makes it difficult to acquire a greater number of patients. For comparison, we performed 166 stagedexchange procedures for failed septic TKR during the same period.
conclusions Knee arthrodesis using a monolateral external fixator for failed septic TKR achieved high fusion and infection eradication rates, despite the extended time needed. When fusion is achieved, patients had good pain relief and satisfaction.
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